Introduction 76
In the continental crust, granitic plutons emplace at different stages during the 77 evolution of an orogen. In the Armorican Variscan belt, numerous peraluminous granites were 78 emplaced during the Carboniferous (e.g. Bernard-Griffiths et al., 1985) . Most of these granites 79 are spatially associated with the dextral lithospheric-scale South Armorican Shear Zone. 80
Moreover, emplacement of these granites is often coeval with shearing as indicated by the S-81 C structures they display (Berthé et al., 1979; Gapais, 1989 ). The precise dating of these 82 synkinematic granites and of their cooling history is therefore an essential tool to place time 83 constraints on the different tectono-thermal events that occur during the life of the Variscan 84 orogen. 85
So far, available geochronological data on the emplacement of these granites are 86 solely provided by whole rock Rb-Sr isochron ages (Bernard-Griffiths et al., 1985; Peucat et 87 al., 1979) . Along the northern branch of the South Armorican Shear Zone, three granitic 88 massifs are assumed to have emplaced synkinematically around 344-337 ± 13-8 Ma, which 89 implies that the shear zone was active during the Lower Visean. In order to better constrain 90 dextral shearing along the northern branch of the South Armorican Shear Zone, we have 91 performed new zircon U-Pb and muscovite 40 Ar/ 39 Ar datings. 92 93
Geological framework 94
During Variscan times, the Armorican Massif has undergone deformation related to a 95 major continental collision between Gondwana and Laurussia (e.g. Ballèvre et al., 2009 ). This 96 episode was followed by the development of dextral shear zones that can be traced over a 97 distance of a couple of hundred of kilometres, namely the North Armorican Shear Zone 98 (NASZ) and the South Armorican Shear Zone (SASZ) (Fig. 1a ). The SASZ separates two 99 distinct domains within the Armorican Massif that are characterized by contrasted 100 metamorphic and structural histories. To the South, the south Armorican domain (SAD) is 101 mainly composed of deep crustal units (medium to high-grade micaschists, migmatitic 102 gneisses and anatectic granites) that have been exhumed during the extension associated with 103 the chain collapse (e.g. Brown and Dallmeyer, 1996 The SASZ is geometrically defined by ca. 100-1000m wide zone of highly strained 111 mylonitic rocks (Jégouzo, 1980; Tartèse et al., 2011a) . In details, the SASZ is divided into 112 two main branches ( Fig. 1a ). In the southern branch network (SBSASZ), the mylonitic 113 foliation bears a 5-10° eastward dipping stretching lineation. Along this branch, a dextral 114 displacement of ca. 150 to 200 km has been proposed based on the width of the mylonitized 115 rocks (Jégouzo and Rossello, 1988) . The northern branch (NBSASZ) is sub-linear and 116 extends for about 300 km. It displays a subvertical mylonitic foliation also bearing a 117 stretching lineation dipping at ca. 10° eastward. Along this branch, a 40 km minimal dextral 118 offset has been estimated from geometrical reconstructions (Jégouzo and Rossello, 1988) . 119
The Lizio two-mica granite was emplaced along the NBSASZ (Fig. 1b ). This granitic 120 massif is highly emblematic because it represents the locus typicus where S-C structures were 121 first described as resulting from a single deformational event (Berthé et al., 1979) . These 122 structures indicate that the Lizio granite was emplaced during shearing along the NBSASZ. 123
Indeed, "S-planes" correspond to shearing planes which localized the dextral deformation. 124
These "S-planes" are vertical and their orientation mimics that of the NBSASZ. "C-planes" 125 correspond to cleavage planes. These "C-planes" rotate during non-coaxial shearing. They 126 define an angle of around 45° with "S-planes" in slightly deformed samples, angle which 127 decreases with increasing strain until parallelisation of "S-planes" and "C-planes" in 128 ultramylonitized samples (Berthé et al., 1979) . According to Gapais (1989) , these S-C 129 structures developped during cooling of intrusives at temperatures around 550°C. The 130 synkinematic characteristics of the Lizio granite emplacement is also evidenced by the triple-131 point defined by the foliation around the intrusion (Fig. 2) . This triple-point formed by the 132 combination of the regional stress and the stress related to the granite emplacement. 133
Whole rock Rb-Sr data obtained on the Lizio granite define a 338  13 Ma isochron 134 age (2) interpreted as the granite emplacement age (Peucat et al., 1979) . This age is similar 135 within error to the 344 ± 8 Ma and 337 ± 13 Ma ages (2) obtained by these authors on the 136
Pontivy and Bignan synkinematic massifs, both located a couple of kilometres westward and 137 also rooted into the NBSASZ (Fig. 1b) . More recently, a zircon U-Pb emplacement age of 316 138 surrounded by thin darker rims, without evidence of inherited cores (Fig. 5d ). In sample 229 LRT15, zircon grains display a more pronounced oscillatory zoning where dark cores are 230 surrounded by brighter rims (Fig. 5d ). Some zircon grains also contain small monazite 231 inclusions (for example in LRT15-Zirc3 in Fig. 5d ). In sample LRT10, two analyses are 232 largely discordant and yield therefore meaningless dates ( Fig. 5a ). From the remaining 233 concordant analyses, one yields a date of ca. 950 Ma and another five dates are grouped 234 around 600-500 Ma (Fig. 5a ). In sample LRT15, the complete dataset of 11 analyses plot in a 235 concordant to sub-concordant position (Fig. 5b ). Among them, six define an imprecise 236 concordia age of 319 ± 15 Ma (MSWD = 0.23). The five remaining datapoints define dates 237 between ca. 600 and 450 Ma. Finally, in sample LRT12, eleven analyses have been performed 238 (Table 2) . When plotted in a Wetherill concordia diagram (Fig. 5c) Muscovite single grains were analyzed by step-heating with a 40 Ar/ 39 Ar laser probe, following 248 the procedure described in Ruffet et al. (1991; . Blanks were performed routinely each 249 first or third step, and subtracted from subsequent sample gas fractions. A plateau age is 250 obtained when apparent ages of at least three consecutive steps, representing a minimum of 251 70% of the 39 Ar released, agree within 2 error bars with the integrated age of the plateau 252 segment. The 40 Ar/ 39 Ar analytical data are portrayed as age spectra in Fig. 6 . All reported 253 uncertainties both in the Fig. 6 and in the text are at the 2 confidence level. 254
Single muscovite grains have been analyzed in four samples from the Lizio granite 255 (LRT10, LRT11, LRT13 and LRT15). These samples yielded plateau dates ranging between 256 311.5 ± 0.4 Ma down to 308.2 ± 0.6 Ma (Fig. 6 ). They display slight saddle-shaped 40 Ar/ 39 Ar 257 age spectra that might reflect slight perturbations of the K-Ar isotopic system (e.g. on the other granitic massifs emplaced along the NBSASZ. Indeed, the existing Rb-Sr 285 isochron ages may be too old for these granites. Such old inherited "isochrons" have been 286 described for example by Roddick and Compston (1977) for the crustally-derived 287 Murrumbidgee Batholith, Australia. Moreover, whole rock-mineral isochrons on two samples 288 from the Pontivy granite (whole rock Rb-Sr isochron age of 344 ± 8 Ma) yielded ages 289 identical within error at 311 ± 9 and 310 ± 9 Ma respectively (Peucat et al., 1979) , ages that 290 are consistent with a Late Carboniferous emplacement for the Pontivy granite. We thus 291 believe that the ca. 340 Ma old emplacement ages obtained through whole rock Rb-Sr dating 292 of synkinematic granites along the NBSASZ are actually not emplacement ages of these 293 granites but rather represent inherited "isochrons" in the sense of Roddick and Compston 294 (1977) . In that case, initiation of dextral shearing along the NBSASZ may not be as old as the 295 ca. 340 Ma age that has been considered so far. Indeed, our data on the Lizio granite give a 296 maximum age of 322 Ma for the activity along the NBSASZ. showed that Ar retentivity in muscovite is greater than previously assumed. Based on their 312 diffusion parameters (E a = 264 kJ.mol -1 ; D 0 = 2.3E -04 m 2 .s -1 ), and taking 500 and 1000 µm for 313 the diffusion radius, we have computed the different closure temperature as a function of 314 cooling rates (Fig. 7a) : the closure temperature ranges between ca. 450 and 550°C, for the 315 diffusion dimensions and cooling rates investigated. In a Temperature-Time diagram (Fig.  316 7b), the minimum cooling rate calculated considering U-Pb and 40 Ar/ 39 Ar ages and their 317 associated uncertainties is 10.4°C/Ma. 318
Taking the minimum zircon U-Pb age and the oldest muscovite dates corresponds to a 319 sub-instantaneous cooling of the granitic body. A simple 2D thermal numerical model (details 320 in Appendix A) shows that a Lizio-type granitic pluton emplaced at mid-crustal depths cools 321 down in less than 1 Ma (Fig. 8) , consistently with this scenario. Conversely, a slow cooling 322 rate of ca. 10°C/Ma would imply that the Lizio granite remained at a temperature above ca. 323 480-500°C for a long time after its emplacement. The Lizio granite was emplaced around 4 kbar, which corresponds to a depth of 15 km considering only the lithostatic pressure and a granite density of 2.7. At this depth, temperatures of around 550°C can be reached and 326 maintained along continental strike-slip shear zones due to heat production by shear heating 327 (Leloup et al., 1999) . The cooling below the closure temperature of ca. 500°C for such a slow 328 cooling rate would have occurred when heat advection due to shear heating and therefore 329 shearing along the NBSASZ had stopped. Moreover, one cannot totally rule out the influence 330 of some fluid-rock interactions which would have disturbed 40 Ar/ 39 Ar age spectra without 331 being recorded by the whole rock and muscovite chemistry. Indeed, the analyzed muscovite 332 grains display subtle saddle-shaped 40 Ar/ 39 Ar age spectra that may indicate fluid-induced 333 disturbance (e.g. Alexandrov et al., 2002; Cheilletz et al., 1999) . Finally, to a first order, our 334 new data are consistent with a simple cooling of the intrusion, with possible, but limited, 335 influence of shear heating and fluid-rock interaction. A surprising result is the absence of 336 consistency between the muscovite 40 Ar/ 39 Ar dates and the shearing gradients observe 337 throughout the Lizio granite. This could result from the choice we made to date large 338 muscovite phenocrysts in all the samples. It would deserve further studies, notably dating 339 increasingly deformed micas toward the NBSASZ to better evaluate if potential post-340 emplacement events have affected the K-Ar system in micas. 341 342
Conclusion 343
Zircon U-Pb dating carried out on the Lizio granite yielded an age of 316 ± 6 Ma that 344 is interpreted as the emplacement age of the granite, and therefore also of dextral shearing 345 along the northern branch of the South Armorican Shear Zone. This is significantly younger 346 than the previous ca. 
where , C p and k are material density, specific heat capacity and thermal conductivity, 362 respectively and Hr corresponds to the radiogenic heat production. This equation is solved 363 numerically in the implicit formulation using the finite difference method. In this study, the 364 heat production (Hr) is set to zero. Indeed, preliminary tests have been done with values from 365 1 to 5 W.m -3 and the results show that results are not sgnificantly differents after 1Myr of 366 experiment. The initial setup is displayed in the Fig. A1 . The granitic intrusion is modelled as 367 an ellipse (5 km high and 10 km long) located at 15 km depth in a host rocks medium with a 368 linear thermal gradient of 30°C.km -1 . The resolution used is 151 x 151 nodes (i.e., 200 m). 369 
